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Overall ESH Schedule
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Safety Committee Reviews to Date

• Radiation Safety Committee review of the EBIS Project (ongoing)
– New emergency exit near Booster berm
– Radiation from the new beam port
– X-rays from the linac and buncher cavities
– Critical devices for beam shutoff

• Safety review of emergency egress from Booster after installation of dipoles
• Safety review of test EBIS prior to restart after move
• Safety review of high voltage pulser prior to start of construction
• ESH review of the beam port construction
• Cryogenic and Pressure Safety review for the SC solenoid in test area
• Beam port fault studies 

– Evaluated by the Radiation Safety Committee
• Accelerator Systems Safety Review Committee meeting - project overview

– Additional meetings planned
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Radiation Safety Committee Example: 
Beam Port Calculations
If high intensity H- beam lost at crossing of LTB and ETB, could it cause 

high radiation on Linac side ?

H-
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Radiation Safety Committee Example: 
Beam Port Fault Study

Proton loss point for 
fault studies

Measurement location for 
fault studies (with 
beampipe in place)

No measurable radiation detected during the study 
Needs final review, but dogleg won’t be required

(maybe interlocking “chipmunk”)
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Outline for the EBIS USI Document

• Chapter 1 – Introduction, research mission, protections
• Chapter 2 – Results and conclusions of the safety analysis
• Chapter 3 – Environment,* facility characteristics, operations
• Chapter 4 – Identification and mitigation of potential hazards
• Chapter 5 – Accelerator Safety Envelope**
• Chapter 6 – Quality assurance program*
• Chapter 7 – Decommissioning*
• Chapter 8 – References, acronyms, units and links*

*  Referenced to C-AD SAD
** Linac, Booster, AGS and RHIC ASE modifications
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EBIS Operations Risk and ESH Protections

• Risk
– Zero off-site impacts 
– Major on-site impacts are highly unlikely

• Protection Layers
– Maintain prompt-radiation hazards within enclosures
– Maintain high-voltage hazards within enclosures
– Use Standard Building Code for new building addition
– Use 10 CFR 835 to set radiological safety requirements 
– Use 10 CFR 851 to set conventional safety requirements
– Use EMS to manage environmental aspects
– Use OSH MS to manage worker risk of injury
– Use Conduct of Operations to operate facility
– Use third-party registration for safety management systems
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Preliminary Results and Conclusions

• Linac site OK for geography, seismology, meteorology, hydrology, demography
• No significant impact on adjacent facilities
• Component design meets national standards or meets equivalent safety
• ALARA is used to minimize radiation exposures 
• Existing C-AD organization, training and procedures assures safe operation 
• Several protection layers will be used at EBIS:

– Engineered controls (smoke alarms, Kirk Keys)
– Administrative controls (training, procedures, ISO 14001, OHSAS 18001)

• Risk of a serious injury is insignificant
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Comprehensiveness of EBIS USI

• USI closely follows prescription for SAD (Safety Assessment Document)
– Refers to issues already covered in C-AD SAD
– USI will be incorporated into C-AD SAD by 2010

• Engineered and administrative controls are identified in USI
• Shielding policy is stated and optimization methods are used
• Major hazards are identified and risk is determined
• Operations structure and ESH programs are described
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Design Requirements for Radiation Safety

• Ion beam is fully enclosed
• Fencing is used to limit access to radiological areas
• C-AD shielding policy is followed:

– Radiation Safety Committee reviews shielding configurations  
– Annual site-boundary dose is designed less than 5 mrem
– Annual on-site dose at non-C-AD locations is designed less than 25 mrem
– Maximum dose to worker is < 20 mrem during a fault condition
– For continuously occupied C-AD locations, the dose rate is ALARA 
– No design > 0.5 mrem in one hour or > 20 mrem in one week to worker
– Shield drawings must be signed by the Radiation Safety Committee
– Shield drawings are verified by comparing drawing to actual shield
– Radiation surveys and fault studies are conducted to verify shielding 
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Design for Fire Protection

• Manual fire alarm stations 
• Smoke detection throughout beam line
• Fire alarms 
• Exits meet requirements of the Life Safety Code
• Emergency lighting 
• Fire extinguishers 
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Designs for Electrical Safety and 
Pressure Safety

• Electrical Safety:
– High-voltage equipment interlocks (Kirk Keys)
– National Electric Code compliance (AC equipment)
– NRTL compliance (UL or equivalent for all energized equipment)
– NFPA 70E compliance (worker PPE and LOTO protections)

• Pressure Safety:
– Designed to ASME pressure vessel and piping codes
– Calculations, pressure testing, materials fabrication, materials

testing and documentation to meet equivalent protection as per 
10 CFR 851 for superconducting solenoid and vacuum vessels 
that can be backfill pressurized
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Planned ASE Modifications

• Linac, Booster, AGS and RHIC ASEs
– Add limitations relevant to the new ion source

Beam intensity limits for range of ions to be accelerated
Accelerated uranium/radioactive ion criteria

– Radioactivity limit
– Potential waste and vacuum pump emission criteria

Superconducting solenoid
– Pressure-vessel-relief maintenance criteria
– Potential ODH criteria

• Modify or remove TVDG ASE as appropriate
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Summary
• Safety reviews and authorizations to date are on time

– NEPA process completed
– Preliminary Hazard Analysis / Hazard Screening Report completed
– Fire Hazard Analysis completed in 2007 for Building 930

FHA to be updated by 2010
– C-AD Safety Committee reviews are in progress 
– Unreviewed Safety Issue document is in preparation
– Modifications to Accelerator Safety Envelopes are in preparation

• 2008 to 2010
– BNL ESH Committee Review of new USI and ASE modifications
– BNL Pressure Safety Committee Review of SC Solenoid
– BNL approval of USI
– BNL Accelerator Readiness Review
– DOE approval of ASE modifications
– DOE Commissioning/Operations Authorization



September 19-20, 2007
E. Lessard

EBIS Safety

Acronyms

• AC – Alternating Current 
• AGS – Alternating Gradient Synchrotron 
• ALARA – As Low As Reasonably Achievable 
• ANSI – American National Standards Institute 
• ASE – Accelerator Safety Envelope 
• ASME - American Society of Mechanical 

Engineers 
• BNL - Brookhaven National Laboratory
• C-AD – Collider-Accelerator Department
• CFR – Code of Federal Regulations
• EBIS – Electron Beam Ion Source 
• EMS – Environmental Management System 
• EPA – Environmental Protection Agency 
• ESH – Environment, Safety and Health 
• ETB – EBIS to Booster
• FHA – Fire Hazards Analysis
• HEBT – High Energy Beam Transport 

• ISO – International Standards Organization
• LOTO – Lock Out / Tag Out 
• LTB – Linac to Booster
• NEPA – National Environmental Policy Act 
• NFPA – National Fire Protection Association
• NRTL – Nationally Recognized Testing Laboratory
• OHSAS – Occupational Health and Safety Assessment 

Series
• OSHMS – Occupational Safety and Health Management 

System
• PPE – Personal Protective Equipment 
• RHIC – Relativistic Heavy Ion Collider 
• RSC – Radiation Safety Committee 
• SAD – Safety Assessment Document 
• TVDG – Tandem Van De Graaff 
• UL- Underwriters Laboratories 
• USI – Unreviewed Safety Issue


